The antioxidaitve activity of Maillard reaction products MRPs) from heated whey added to butter was investigated. The antioxidant efficiency changed with different concentrations of MRPs used during storage period at 45ºC. Peroxide value, thiobarbituric acid, acid value, carbonyl compounds and free fatty acids of butter were increased with storage. Their rate of increase decreased with increasing the added amount of MRPs to butter.
INTRODUCTION
The major deteriorative reaction in butter is fat oxidation which leads to the development of objectionable flavour and odours consequently loss in the quality of butter. The Maillard reaction products have been shown to possess antioxidative properties Hassan et al (2005) and Namiki, (1988 (1980) . The resistance of heated whey to oxidation was believed to be due to the liberation of sulfhydryl groups McGookin and Augustin (1991), but it has been shown that sulfhydryls play only a minor role in its antioxidant activity of heated whey Taylor and Richardson (1980) . Autooxidation and lipolysis of lipids are responsible for off-flavours in lipid-containing food products. Butter deteriorates by reaction with atmospheric oxygen and hydrolytic reactions catalyzed by lipases from food or from microorganisms Farag, et al (1989) and Allen and Wrieden (1982) .
Synthetic antioxidants such as propylgallate, butylated hydroxy anisole and butylated hydroxy toluene are added to food products in order to retard lipid oxidation Allen and Wrienden (1982).
However, these synthetic substances may have harmfull effects at certain levels on humans, since butylated hydroxy anisole had toxic and carcinogenic effect Alaiz, et al (1997) . Also, butylated hydroxy toluene causes changes in rat thyroids, stimulation for DNA synthesis and induction of enzymes The trend in recent years has been centered on the use of natural compounds as food preservative. Therefore, there is an urgent need for other types of antioxidant compounds causing no harmful effect on humans.
The aim of this study was to assess the antioxidant activity of Maillard reaction products obtained from heated sweet whey when added to butter.
MATERIALS AND METHODS

I-Materials
Buffaloe's butter and fresh sweet whey were obtained from the department of Dairy Technology, Animal Production Research Institute, Agriculture Research Center Dokki, Egypt.
Preparation of Maillard Reaction Products (MRPs)
Sweet fresh whey was heated to 121ºC for 1hr.in an autoclave. After heating the obtained solution was filtered and cooled immediately to <25ºC. This coloured solution was tested for browning intensity which represent MRPs.
Incorporationof MRPs into butter
Butter was divided into six portions, the first one was served as control. 0.2%, 0.4%, 0.6%, 0.8% and 1.0% of treated whey were thoroughly mixed with the other five portions, respectively. Samples were stored under accelerating deteriorative temperature being 45ºC and analyzed when fresh and weekly for twelve weeks for fat deterioration tests.
II-Methods
Determination of browning
The method described by Moralas and Van Boekel (1998) was applied to determine the colour intensity. In this method one ml of sample was taken and absorbance, after dilution 1:2 in water was measured at 420 and 550nm. Absorbance at 420 nm was corrected for any turbidity by subtracting the absorbance at 550nm. The blank value obtained from an unheated sample was subtracted from the sample reading.
Peroxide value
The method described by IDF (1974) was used. In this method a known weight of butter was dissolved in a mixture of methanol, chloroform (30:70 v\v). Then 0.05 ml of ammonium thiocyanate solution (30%w\v) and mixed thoroughly. Thereafter, 0.05ml of iron chloride solution was added . After 5 min. the obtained solution was measured at 500 nm.
Thiobarbituric acid test (TBA)
TBA value was determined according to the method described by Keeney (1971). Reagent(6ml, 0.025N)) and trichloroacetic acid (3ml, 20%). A known weight of butter was throughly mixed with TBA and heated in a boiling water bath for 20 min. The interfering substances were extracted three times with ether (20ml each) and discarded. The aqueous phase was completed with distilled water to a known volume and the absorbance of this solution was recorded at 532 nm.
Acid value and free fatty acid (FFA)
Acid value and free fatty acids content (as oleic acid) were determined in butter samples as the described method mentioned in IDF (1969).
Total carbonyl compounds
Total carbonyl compound content of butter samples was determined by the method described by Berry and Mckerrigan (1958).
Statistical analysis
The obtained data were statistically analyzed according to SAS (1996).
RESULTS AND DISCUSSION
Maillard reaction was carried out by heating sweet fresh whey as mentioned previously under Materials and Methods. Colour intensity was used as indicator to MRPs. Table ( 1) show the effect of adding Maillard reaction products resulted from heat treated whey to butter on peroxide value. It is clear from the data that the peroxide value of all treatments increased significantly with storage period. McGookin and Augustin (1991) mentioned that, the peroxide values increased with time.
1-Peroxide value
Data presented in
Also, the data show that, the rate of increasing peroxide value of control butter was the highest compared to the other treatments. The rate of developing peroxide value during storage period at 45ºC was affected significantly with the concentration of MRPs added to butter which decreased with increasing the added level.
2-Thiobarbituric acid (TBA)
Thiobarbituric acid is the second parameter used to follow up the antioxidative effect of MRPs.
Data presented in Table ( 2) summarize the TBA values development in butter samples treated with different MRPs levels. It is clear that TBA values increased significantly and gradually during storage and these values were lower in treatments than in control. Also, the data show that the rate of increasing in TBA values decreased significantly with increasing the concentration of added MRPs . Farag et al (1989) mentioned that the inhibitory effect of antioxidants has been attributed to their donation of electrons of hydrogen atoms from the phenolic hydroxyl groups to oil containing free radical which do not initate nor propagate further oxidation of oils. Table ( 3) show the acid value of butter during storage at 45ºC and the effect of adding MRPs.
3-Acid value
Data presented in
It obvious from the data that butter acid value increased significantly in all treatments with storage. Also, the date show that acid value affected significantly with the concentration of MRPs used. The rate of increasing the acid value reduced with increasing the concentration of MRPs. Abd ElGawad (1992) found an increase in acid value with storage of butter oil even at40ºC.
4-Free fatty acids (FFA)
Butter free fatty acids content when fresh and during storage at 45ºC as affected by addition of MRPs from heated sweet whey are shown in Table (4). The FFA of all treatments increased significantly with storage and the rate of increasing decreased significantly with increasing the added MRPs. level. These results are in agreement with Abd El-Gawad (1992) who mentioned that free fatty acids of butter and butter oil increased when stored at 40ºC.
5-Total carbonyl compounds (TCC)
Effect of adding MRPs to butter on its total carbonyl compounds content when fresh or during storage at 45ºC are shown in Table (5) .
It is clear from the data that TCC of butter increased significantly with storage for control and all treatments. These results are in agreement with the finding of Labuschagne (1972) and Labuschagne, et al (1973) who found an increase in TCC in butter due to storage either at 20 or-10ºC.
Also, butter TCC content affected significantly with the added amount of MRPs. The TCC values decreased with increasing MRPs addition. 
